Three out of 125 "big questions of science", can now be claimed to have been answered. All of these questions involve water; its structure, its role in protein folding and its role in protein-protein association.
In the July 2005 issue of Science [1] , the editors Kennedy and Norman listed 125 big questions that "point out to critical knowledge gaps." It is the purpose of this communication to bring to the attention of the readers of this Journal that three out of the 125 questions are already very well answered, and understood. The three questions which we are addressing here are [1] : a) What is the structure of water? Researchers continue to tussle over how many bonds each H 2 O molecule makes with its nearest neighbors.
b) Can we predict how proteins will fold? Out of a near infinitude of possible ways to fold, protein picks one in just tens of microseconds. The same task takes 30 years of computer time.
c) How do proteins find their partners? Protein-protein interactions are at the heart of life. To understand how partners come together in precise orientations in seconds, researchers need to know more about the cell's biochemistry and structural organization.
These three questions are intimately related to each other. Although that is not stated explicitly in the questions, it will become clear that the properties of water harbor the clues to the answers of all three questions [2, 3] . The first part of question (a) is concerned with the "structure of water" which has been defined in several ways [2] . The second part refers to the number of bonds each water molecules makes. The answer to the latter question is simple; at each temperature and pressure there are water molecules engaged in zero, one, two, three or four bonds. The average number of bonds in which a single molecule is engaged depends on the temperature and pressure of the water. This is a statistically average quantity, and is related to the "structure of water" only if we define the structure of water as the average number of bonds formed by a single water molecule at any given temperature and pressure.
In my opinion the main mystery associated with liquid water is not the "structure of water," nor the average number of bonds, but the outstanding properties of liquid water. These properties are by large well known and were well understood even before 2005 [2] . Therefore, the inclusion of this question in the list of "unknowns of Science" was unwarranted even in 2005.
Regarding the second question (b), the best formulation of the problem, as well as a hint for a solution to the problem were provided by Levinthal in 1968 [4, 5] . This problem became a formidable challenge for many scientists. Unfortunately, almost all efforts in solving this problem were misdirected, and therefore reached a deadend.
The main culprits for the misdirected efforts are a result of the misinterpretation of the so-called Anfinsen's Thermodynamic Hypothesis [6] . The Anfinsen's hypothesis is often referred to as Anfinsen's Dogma [7] , and includes two parts.
a) The native structure of a protein is determined by the sequence of the amino acids.
b) The native structure of a protein is at a minimum Gibbs energy.
The two parts of Anfinsen's Dogma, (i) and (ii) are correct. Unfortunately, many scientists conjectured that (i) implies the existence of a code, that translates from the sequence of amino acids to the 3-D structures. Some inferred from the second part (ii) that the Gibbs energy landscape must have a global minimum, an inference which is unwarranted by the Second Law of Thermodynamics [3, 7] . Yet, some others used ideas from Evolution theory to explain the process of protein folding [8] .
All these approaches may be referred to as targetbased theories. The inadequacies of these approaches were discussed elsewhere [3] . Even those that sought the more plausible caused-based solutions to the problem of pro-tein folding, went astray by adhering to the hydrophobic dominance dogma [3] . This hypothesis, originally suggested by Kauzmann in 1959, states that the major factor that "speeded and guided" [4] the folding of protein is the hydrophobic effect [9] . Note however, that Kauzmann himself was cautious in claiming only that the "hydrophobic bond is probably one of the most important factors…" Again, it is unfortunate that so much effort had been expanded in studying the hydrophobic effect which did not, and could not deliver any strong forces acting on the groups of the protein [3] .
All these have changed when strong hydrophilic forces were discovered in 1990 [3, 10, 11] , which provided a sound cause-based approach to protein folding, as well as an answer to Levinthal's question.
Briefly, the answer to the question of how protein folds to a precise 3D structure in a very short time is straightforward. At each stage of the folding process strong hydrophilic forces act on the hydrophilic groups of the protein and force the protein to fold in a narrow range of preferential pathways. The stronger the forces, the narrower the range of pathways, and the shorter the time to reach the final 3D structure. Thus, the seeds of the solution to the protein folding problem were already included in Levinthal's answer [4, 5] . The discovery of the hydrophilic forces provides a compelling cause-based answer of the Levinthal's question [3] , hence, also an answer to the question (b).
The third question (c) includes two parts: one is to find the factors that stabilize the protein aggregates, and the second involves the factors that determine the specificity of the binding mode. This is also known as the problem of molecular recognition [3, 12] . As in the case of protein folding, the adherence to the hydrophobic dominance has led scientists to seek solutions to the problem of selfassembly in the wrong direction. This situation has been radically changed once the hydrophilic interactions were discovered. These interactions provided answers to both the stability of aggregates of proteins, as well as to the specificity of the mode of binding [3, 12, 13] . Therefore, question (c) has also been answered.
Finally, I would like to mention another question which although not listed among the 125 "Big questions" is not less of a mystery than either of the two questions (b) and (c) involving protein. The question is "why are globular proteins very soluble in aqueous solutions" [3] . Again, the answer to this until-recently "unknown of science" involves the strong hydrophilic interactions. Everyone who has given a thought regarding the question of the reasons for the large solubility of globular proteins, correctly concluded that the hydrophilic groups on the surface of the proteins are responsible for its solubility. What was less known is that not the mere number of hydrophilic groups that are exposed to the solvent determine its high solubility, but the specific distribution of the hydrophilic groups on the surface of the protein [3] . It was recently shown that the possibility of formation of water-bridges between two or more hydrophilic groups contributes significantly, if not decisively to the large solubility of the protein [3, 14] . Therefore, I believe that the problem of the large solubility of the globular proteins should have been included in the list at the time the questions (b) and (c) were included [1] , only to be deleted later on along with problems (b) and (c).
